Introduction
In order to overcome the limitations of conventional flash memories, many efforts have been dedicated on next generation non-volatile memories by exploiting novel materials and structures. Recently, organic memory devices based on bistable resistance switching have attracted much attention due to their high mechanical flexibility, low fabrication cost and versatility of the material chemical structure [1] . Many polymeric materials, including donor-acceptor charge transfer complexes, and nanocomposites constructed by organic molecules and nanoparticles have been reported for memory application [2] [3] [4] . However, the complex and nanocomposites consist of at least 2 components and thus are not easily controllable in manufacturing devices with uniform stoichiometry [3] . Therefore, a single-layer molecule with the bistable resistance characteristics is more favorable for memory application. Oxotitanium phthalocyanine (TiOPc) has been known as an organic semiconductor, which is popularly used as photoconductive material, however, the research on TiOPc for memory application have not been reported yet.
In this paper, we address that TiOPc can exhibit bistable resistive switching characteristics for memory application for the first time. With the simple sandwich structure, the device exhibits bistable resistance characteristics, i.e., the high conductance state (on-state) and the low conductance (off-state). Once the device reaches either state, it can remain in the state for a long time. The on-off ratio of the device is about four orders in magnitude at room temperature and a 4V read voltage window is obtained. The large window reduces readout hazards induced by the dispersions of resistance parameter, which are a critical issue for Resistance Random Access Memory (RRAM) nowadays. In addition, the switch mechanism of the device is also discussed by comparing and analyzing the I-V characteristics of Al/TiOPc/ITO and Al/TiOPc/Si device.
Device Fabrication
The structure of the Al/TiOPc/ITO device and the chemical structure of TiOPc molecular are shown in Fig.1 . The bottom electrode and the top electrode are indium tin oxide (ITO) and aluminum (Al), respectively. The fabrication processes of TiOPc device are as follows: Indium tin oxide coated on glass was adopted as the substrate. For comparison, high doped p-type Si substrate was also prepared. Then, the TiOPc film about 120 nm was deposited by thermal evaporation. Finally, the top electrode of aluminum was evaporated in vacuum through a shadow mask. The current-voltage characteristics between the top and the bottom electrode were measured at room temperature. 
Results and Discussions
Fig .2 shows the typical I-V curves of Al/TiOPc/ITO device. The device is measured from -6V to +6V and then from +6V to -6V. Firstly, we measured the I-V curves from -6V to +6V and obtained curve 1 and curve 2. When the bias is applied on the top electrode (TE) of the device, the 
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-6V bias is high enough to change the device into the on-state, so the device stays in on-state from -6V to 0V (curve 1). As the bias increases to +3.5V, an abrupt decrease in current is observed. This changes the device from on-state to off-state (curve 2). Then the device is stable in the off-state when the bias is lowered back to 0V (curve 3). The off-state can be recovered back to the on-state by applying a negative bias about -1.2V (curve 4). The device is then stable in on-state until +3.5V is applied, at which point it turns back to off-state, indicating the rewritable memory effect. The insert in Fig. 2 shows the on-off current ratio at different read voltage and a large read voltage window about 4V is achieved.
The phenomenon of asymmetry switching biases of Al/TiOPc/ITO device was observed in the experiment, which indicates that interfaces between TiOPc film and electrodes have influence on the bistable resistance switching behavior. Furthermore, the device fabricated on silicon substrate can be changed to the on-state or off-state at different positive bias, as shown in Fig.3 . The distinct switching behavior of devices on different substrate, i.e., Al /TiOPc/ ITO Fig. 3 The typical I-V characteristics of the Al /TiOPc/ Si device. The insert shows the on-off current ratio at different read voltage. different bottom electrode material, also confirms that the dominant influence of the interfaces on the switching phenomena of the devices with the identical top electrode. The bistability phenomena of the TiOPc devices can be mainly attributed to TiOPc material and the interfaces between the electrodes and TiOPc film. A possible mechanism of resistance switching behavior of the Al/TiOPc/ITO device is proposed here. At appropriate negative bias, the current mainly results from the excess electrons injected into TiOPc from the top electrode and the device turns to on-state. When appropriate positive bias is applied, a reaction between Al electrode and O 2-ions in the TiOPc may take place due to the strong reducing capacity of Al. The reaction consumes O 2-ions and leads to more oxygen vacancies of TiOPc film and then reduces the carrier mobility and transport ability of TiOPc film.
Moreover, it is found that the Al/TiOPc/Si device shows heterojunction effects. TiOPc acts as a p-type semiconductor to form a heterojunction with silicon substrate. Thus positive switching behaviors can attribute to the heterojunction, the reaction of aluminum-oxygen and the transport of TiOPc film. Compared with the Al/TiOPc/ITO device, Al/TiOPc/Si device shows much higher currents in either on-state or off-state due to the existing barrier between TiOPc and Si.
In order to investigate the retention performance of the device for both on and off states, a small constant voltage is applied between the top and bottom electrodes. The current is recorded to monitor the states as shown in Fig.4 . It can be seen that the current of on-state is about three orders of magnitude higher than that of off-state. During the 4h stress test at room temperature, there is no significant degradation of retention ability in either on or off state, indicating that the two states are relatively stable. 
Conclusions
TiOPc material is demonstrated for nonvolatile memory application for the first time. The bistable resistance switching characteristics of TiOPc devices are experimentally investigated, and a possible mechanism is proposed. The TiOPc devices exhibit a 4V read voltage window and the on/off ratio is as high as 10 4 at room temperature. The device exhibits no significant degradation of the retention performance after 4h stress test. The results show that the TiOPc device has promising potential for memory application. 
